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DIGITAL CAMERA, PIXEL DATA READ-OUT 
CONTROL APPARATUS AND METHOD, 

BLUR-DETECTION APPARATUS AND METHOD 

[0001] This application claims priority to Japanese Patent 
Applications Nos. 2000-204079 and 2000-204083 each ?led 
on Jul. 5, 2000, the disclosure of Which is incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a digital camera, a 
pixel data read-out control apparatus and method, a blur 
detection apparatus and method. 

[0004] 2. Description of Related Art 

[0005] A digital camera that displays a live-vieW image on 
a display unit such as an LCD monitor is knoWn. Further 
more, a digital camera equipped With a hand-blur (herein 
after may simply referred to as “blur”) compensation func 
tion is also knoWn. In order to perform such a live-vieW 
display smoothly or to perform a highly precise blur-com 
pensation, it is desirable to update pixel data With a period 
of, for example, about 1/30 seconds. 

[0006] HoWever, With the recent increased number of 
pixels of an image pick-up element, it becomes very dif?cult 
to perform the aforementioned processing in such a short 
time by reading out the pixel data of all of the pixels of the 
image pick-up element. To cope With the aforementioned 
drawbacks, there has been proposed to display a live-vieW 
image in a state Where the number of pixels is reduced 
substantially or to perform blur-detection processing by 
using an image pick-up element such as a CMOS sensor that 
can specify any pixels and read out the image data of the 
speci?ed pixels and reading out the data of a plurality of 
speci?ed pixels Which are thinned out from all of the pixels 
(hereinafter, thinned-out pixels) of the image pick-up ele 
ment. 

[0007] According to a conventional digital cameras using 
thinned-out pixel data, as shoWn in FIG. 10, a live-vieW 
display and a blur-detection are performed by reading out 
the thinned-out pixel data of a plurality of pixels before the 
main exposure for obtaining the picked-up image. HoWever, 
a live-vieW display and a blur-detection Will become 
unavailable When a shutter button is pressed to start the main 
exposure, and then the live-vieW and the blur-detection Will 
be resumed to read out the thinned-out pixel data When the 
main exposure is completed after reading out the pixel data 
of all of the pixels. In other Words, there is such a draWback 
that a live-vieW display and/or a blur-detection are not 
performed during the main exposure. 

[0008] With regard to a live-vieW display, Japanese Patent 
Laid-open Publication No. H11-205689 discloses that a 
periodical read-out of pixel data is continuously performed 
to the image pick-up element during the main exposure and 
the image data is stored in an image holding portion so that 
the storage time becomes longer than the read-out period. 
HoWever, in this structure, the pixel data is not updated 
during the exposure and therefore a real time live-vieW 
display is not performed. 

[0009] On the other hand, in a digital camera equipped 
With a blur-detection function, it is desirable to read out each 
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pixel data of an image pick-up element at high speed in order 
to perform a proper blur-detection. 

[0010] HoWever, in cases Where a CCD is used as an 
image pick-up element, since it is necessary to read out the 
pixel signal of all of the pixels for every line, there is a 
limitation in high-speed processing. 

[0011] For this reason, another proposal has been made. 
According to the proposal, an image pick-up element such 
as a COMS sensor that can perform a nondestructive read 

out of data is used and a plurality of small area blocks are 
speci?ed among all of the pixels of the aforementioned 
image pick-up element. Then, the data of the pixels con 
tained in the speci?ed block is read out in a nondestructive 
manner. Then, the obtained image data is utiliZed for a 
blur-detection. 

[0012] For example, Japanese Patent Laid-open Publica 
tion No. H5-130489 discloses that in order to increase the 
speed of block matching processing, an image pick-up 
element such as a COMS sensor that can perform a nonde 

structive read-out is used, the data of the pixels contained in 
the speci?ed blocks among all of the pixels of the afore 
mentioned image pick-up element is read out in a nonde 
structive manner, and then the read-out pixel data is trans 
mitted to a block matching portion. By utiliZing the 
nondestructive read-out of the pixel data, a blur-detection 
can be performed by reading out the pixel data plural times 
at a high-speed period during the exposure. 

[0013] According to conventional digital cameras includ 
ing the aforementioned prior art, high speed processing can 
be attained by performing the nondestructive read-out of the 
pixel data contained in the aforementioned speci?ed blocks 
of small area. HoWever, since a ?xed pattern noise (herein 
after referred to as “FPN”) cannot be eliminated Within the 
image pick-up element, it is dif?cult to perform a highly 
precise blur-detection because of the noise. Furthermore, 
there also is a problem that the exposure becomes insuf? 
cient due to the read-out of the pixel data at a high-speed 
period during the exposure, resulting in a decreased blur 
detection level. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to provide a 
digital camera Which can perform a live-vieW display and a 
blur-detection before a main exposure and also can perform 
a live-vieW display and a blur-detection even during the 
main exposure. 

[0015] It is another object of the present invention to 
provide a pixel data read-out control apparatus and method 
Which can perform a live-vieW display and a blur-detection 
before a main exposure and also can perform a live-vieW 
display and a blur-detection even during the main exposure. 

[0016] It is still another object of the present invention to 
provide a digital camera equipped With a blur-detection 
function that can perform a blur-detection in high speed and 
can obtain a suf?cient blur-detection level. 

[0017] It is still yet another object of the present invention 
to provide a blur-detection apparatus and method that can 
perform a blur-detection in high speed and can obtain a 
suf?cient blur-detection level. 
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[0018] According to a ?rst aspect of the present invention, 
a digital camera includes an image pick-up element Which 
can read out pixel data in a nondestructive manner, speci 
fying means for specifying addresses of a plurality of pixels 
thinned out among all pixels of the image pick-up element, 
and data read-out means for reading out pixel data of the 
speci?ed plurality of pixels in a destructive manner before a 
main exposure and pixel data of the speci?ed plurality of 
pixels in a nondestructive manner during the main exposure. 

[0019] In this digital camera, addresses of a plurality of 
pixels thinned out among all of the pixels of the image 
pick-up element that can read out image data in a nonde 
structive manner are speci?ed. The plurality of speci?ed 
pixels Whose addresses are read out in a destructive manner 
before the main exposure and in a nondestructive manner 
during the main exposure. Thus, the neWest pixel data can be 
used even during the main exposure. Accordingly, it 
becomes possible to perform a live-vieW display and a 
blur-detection. 

[0020] According to a second aspect of the present inven 
tion, a pixel data read-out control apparatus includes speci 
fying means for specifying a plurality of pixels thinned out 
among all pixels of an image pick-up element Which can 
read out pixel data in a nondestructive manner, and read-out 
means for reading out pixel data of the speci?ed pixels in a 
destructive manner before a main exposure and pixel data of 
the speci?ed pixels in a nondestructive manner during the 
main exposure. 

[0021] With this read-out control apparatus, a plurality of 
pixels thinned out among all pixels of an image pick-up 
element Which can read out pixel data in a nondestructive 
manner are speci?ed. The speci?ed pixel data are read out in 
a destructive manner before a main exposure and in a 
nondestructive manner during the main exposure. Thus, the 
neWest pixel data can be used even during the main expo 
sure. Accordingly, it becomes possible to perform a live 
vieW display and a blur-detection. 

[0022] According to a third aspect of the present inven 
tion, a pixel data read-out control method includes the steps 
of specifying a plurality of pixels thinned out among all 
pixels of an image pick-up element Which can read out pixel 
data in a nondestructive manner, and reading out pixel data 
of the speci?ed pixels in a destructive manner before a main 
exposure and the pixel data in a nondestructive manner 
during the main exposure. 

[0023] With this control method, since the pixel data of the 
plurality of speci?ed pixels are read out in a destructive 
manner before the main exposure and in a nondestructive 
manner during the main exposure, the neWest data can be 
used even during the main exposure, enabling a live-vieW 
display and a blur-detection. 

[0024] According to a fourth aspect of the present inven 
tion, a digital camera includes an image pick-up element 
Which can read out pixel data in a nondestructive manner, 
specifying means for specifying pixels contained in a block 
of small area among all pixels of the image pick-up element, 
read-out means for reading out data of pixels contained in 
the block of small area in the nondestructive manner during 
the exposure, a memory Which stores a ?xed pattern noise 
table concerning the pixels contained in the block, ?xed 
pattern noise elimination means for performing noise can 
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cellation processing to the pixel data of the block obtained 
by reading out in the nondestructive manner With reference 
to the ?xed pattern noise table, an adder Which adds pixel 
data from Which the ?xed pattern noise is eliminated to the 
pixels contained in the block; and a detector Which detects 
a blur using the added pixel data. 

[0025] With this digital camera, pixel data contained in the 
block of small area among all of the pixels of the image 
pickup element are speci?ed by the specifying means. The 
data of pixels contained in the block of small area is read out 
in a nondestructive manner during the exposure. Further 
more, the read-out pixel data are subjected to the noise 
cancellation processing by the ?xed pattern noise elimina 
tion means. The pixel data in the block from Which noise is 
eliminated are added by the adder, and a blur is further 
detected by the detector. 

[0026] Thus, since the pixel data contained in the block of 
small area among all of the pixels of the image pick-up 
element are read out in a nondestructive manner during the 
exposure, it becomes possible to attain a high speed blur 
detection processing. Furthermore, since noise cancellation 
processing is performed, it becomes possible to attain a 
highly precise blur-detection. Furthermore, since a plurality 
of pixel data that the noise cancellation is performed are 
added in the block, data having a suf?cient blur-detection 
level that the underexposure or the like is corrected can be 
secured as the Whole block. 

[0027] According to a ?fth aspect of the present invention, 
a blur-detection apparatus includes read-out means for read 
ing out data of pixels in a nondestructive manner during an 
exposure, the pixels being contained in a block of small area 
among all pixels of an image pick-up element Which can 
read out pixel data in a nondestructive manner, ?xed pattern 
noise elimination means for performing noise cancellation 
processing to pixel data of the block obtained by reading out 
in a nondestructive manner With reference to a table of a 

?xed pattern noise corresponding to pixels contained in the 
block, an adder Which adds pixel data from Which the ?xed 
pattern noise is eliminated to the pixels contained in the 
block, and a detector for detecting a blur by using the added 
pixel data. 

[0028] With this blur-detection apparatus, since data of 
pixels contained in a block of small area among all pixels of 
an image pick-up element are read in a nondestructive 
manner during an exposure, it becomes possible to attain a 
high speed blur-detection processing. Furthermore, since the 
noise cancellation processing is performed, it becomes pos 
sible to attain a highly precise blur-detection. In addition, 
since a plurality of pixel data that the noise cancellation is 
performed are added in the block, data having a suf?cient 
blur-detection level that the underexposure or the like is 
corrected can be secured as the Whole block. 

[0029] According to a sixth aspect of the present inven 
tion, a blur-detection method includes a step for reading out 
data of pixels in a nondestructive manner during an expo 
sure, the pixels being contained in a block of small area 
among all pixels of an image pick-up element Which can 
read out pixel data in a nondestructive manner, a step for 
performing noise cancellation processing to pixel data of the 
block obtained by reading out in a nondestructive manner 
With reference to a table of a ?xed pattern noise correspond 
ing to pixels contained in the block, a step for adding pixel 
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data from Which the ?xed pattern noise is eliminated to the 
pixels contained in the block, and a step for detecting a blur 
by using the added pixel data. 

[0030] In this blur-detection method, since the pixel data 
contained in the speci?ed clock of small area among all of 
the pixels of the image pick-up element are read out in a 
nondestructive manner during an exposure, it becomes pos 
sible to attain high speed processing of a blur-detection. 
Furthermore, since noise cancellation processing is per 
formed, it becomes possible to attain a highly precise 
blur-detection. Furthermore, since a plurality of pixel data 
that the noise cancellation is performed are added in the 
block, data having a suf?cient blur-detection level that the 
underexposure or the like is corrected can be secured as the 
Whole block. 

[0031] Other objects and the features Will be apparent 
from the folloWing detailed description of the present inven 
tion With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The present invention Will be more fully described 
and better understood from the folloWing description, taken 
With the appended draWings, in Which: 

[0033] FIG. 1 is a perspective vieW shoWing a digital 
camera according to a ?rst embodiment of the present 
invention; 

[0034] 
[0035] FIG. 3 is a block diagram shoWing a pixel structure 
of an image pick-up element of the digital camera; 

[0036] FIG. 4 is a block diagram shoWing an electric 
structure of the digital camera; 

FIG. 2 Is a rear vieW of the digital camera; 

[0037] FIG. 5 is an explanatory vieW shoWing an example 
of a selection of plural speci?ed pixels in the image pick-up 
element; 
[0038] FIG. 6 is an explanatory draWing shoWing a read 
out timing of a pixel signal of the image pick-up element; 

[0039] FIG. 7 is a block diagram shoWing an electric 
structure of a digital camera according to a second embodi 
ment of the present invention; 

[0040] FIG. 8 is an explanatory draWing shoWing a small 
area speci?ed block of the image pick-up element; 

[0041] FIG. 9 is an explanatory draWing shoWing a read 
out timing of a pixel signal of the image pick-up element; 
and 

[0042] FIG. 10 is an explanatory draWing shoWing the 
relationship betWeen a reset of a pixel signal and an image 
read-out timing in a conventional digital camera. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0043] FIG. 1 is a perspective vieW shoWing a digital 
camera according to a ?rst embodiment of the present 
invention, and FIG. 2 is a rear vieW of the digital camera. 

[0044] As shoWn in FIGS. 1 and 2, on the front face of the 
camera main body 5A of the digital camera 5, an image 
taking lens 51 is provided. On the front upper portion 
thereof, a ?nder WindoW 54, a distance measurement Win 
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doW 59, etc. are provided. In the camera main body 5A, an 
image pick-up element 403, Which receives an optical image 
formed by the aforementioned image-taking lens 51 and 
performs a photoelectric conversion of the optical image, is 
disposed. In this embodiment, this image pick-up element 
403 is comprised of a CMOS sensor that can read out pixel 
data in a nondestructive manner. Furthermore, on the upper 
surface of the camera main body 5A, a shutter button 53, 
image-taking mode keys 57, a liquid crystal panel 58, etc. 
are provided. At the side surface of the camera main body 
5A, an insertion slit 56 into Which a recording media 55 is 
removably inserted is provided. 

[0045] The image-taking mode keys 57 are used for set 
ting an exposure condition, such as an iris priority exposure 
and a shutter speed priority exposure, changing macro 
image-taking modes or setting a Zoom condition While 
con?rming the contents displayed on the liquid crystal 
display panel 58. 

[0046] Furthermore, an LCD monitor 413a for a live-vieW 
display, image-processing mode setting keys 501, etc. are 
provided on the rear face of the camera main body 5A. A 
blur-compensation mode can be set up by the image-pro 
cessing mode setting keys 501 While looking at the display 
of the LCD monitor 413a. 

[0047] This digital camera 5 can record a picked-up image 
obtained by the image pick-up element 403 into the record 
ing media 55 in the same Way as conventional digital 
cameras, and has a function for performing a blur-detection 
during a main exposure for acquiring the picked-up image 
When a blur-compensation mode is set. HoWever, the blur 
compensation function may be set automatically Without 
manually manipulating the image-processing mode setting 
keys. Furthermore, this digital camera 5 is designed such 
that a live-vieW display can be displayed on the LCD 
monitor 413a not only before a main exposure but also 
during the main exposure. 

[0048] As Will be explained later, the blur-detection and 
the live-vieW display during the main exposure are per 
formed by specifying the addresses of plural thinned-out 
pixels among the pixels P (FIG. 3) of the CMOS sensor as 
the image pick-up element 403 and reading out the pixel data 
in a nondestructive manner. 

[0049] FIG. 3 shoWs a pixel structure of the active pixel 
CMOS sensor constituting the image pick-up element 403. 
The image pick-up element 403 includes a number of pixels 
P arranged in the shape of a matrix as Well knoWn. In FIG. 
3, for the purpose of simplicity, 2x2 pixels are illustrated. 

[0050] In FIG. 3, one pixel P includes a photodiode 105 
as a light-receiving element connected to a transistor 104 of 
a CMOS type constituting a reset sWitch, a transistor 106 for 
amplifying the pixel signal of the photodiode 105, a line 
selection transistors 107 connected to the transistor 106 in 
series and controlled by a vertical direction selecting cir 
cuitry 101, etc. In FIG. 3, the reference numerals 102, 108, 
109 and 110 denote a reset line, a line selecting address line, 
a signal line and an output ampli?er on an output line 103, 
respectively. Furthermore, the reference numerals 111 and 
112 denote a noise cancellation circuit and a horiZontal 
direction selecting circuit for selecting a pixel roW, respec 
tively. 
[0051] In this image pick-up element 403, by impressing 
a control signal to the horiZontal direction selecting circuit 
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112 and the vertical direction selecting circuit 101 from 
outside, one or more pixels P can be speci?ed, and the pixel 
data of the photodiode 105 of the speci?ed pixel P is taken 
out through the output line 113 by Way of the signal line 109, 
and is sent out as image data through the output ampli?er 
110. Thus, by specifying a desired pixel by the horiZontal 
direction selecting circuit 112 and the vertical direction 
selecting circuit 101, it becomes possible to read out only the 
required pixel data at a high-speed period. 

[0052] In a usual read-out (a destructive read-out) in this 
kind of image pick-up element 403, it is possible to cancel 
the ?xed pattern noise (FPN) due to a scattering of the 
threshold or the like of the amplifying transistor 106 Within 
the image pick-up element 403. Concretely, the noise can 
cellation processing can be performed by reading out the 
charges photoelectrically converted by and accumulated in 
the photodiode 105 and holding the charges in the noise 
cancellation circuit 111, subsequently reading out the 
charges again after the reset by the reset transistor 104 and 
holding the charges in the noise cancellation circuit 111, and 
then performing a subtraction of these tWo signals. 

[0053] Furthermore, in this kind of image pick-up element 
403, it is possible to perform a nondestructive read-out, i.e., 
to read out the accumulated pixel data photoelectrically 
converted by the photodiode Without destroying the pixel 
data, because the read-out Will be not performed in the reset 
state unlike the destructive read-out. This enables the read 
out Without loosing the accumulated charges in the photo 
diode 105 even during the exposure. 

[0054] HoWever, in the aforementioned nondestructive 
reading, since the reading in the rest state is not performed, 
noise cancellation processing cannot be performed Within 
the image pick-up element 403. Therefore, in this embodi 
ment, an implication output for one screen is stored in the 
memory as an FPN table. Then, the noise cancellation 
processing is performed by subtracting the corresponding 
implication output from the pixel data. 

[0055] FIG. 4 shoWs a block diagram of the electric 
structure of the aforementioned digital camera 5. 

[0056] This digital camera 5 is equipped With an address 
ing portion 402 Which also serves as an image pick-up 
element driving portion, a control CPU 404 Which controls 
the Whole camera, an A/D converter 405 Which converts an 
analog image signal into a digital image signal by the image 
pick-up element 403, a blur-detection portion 409 Which 
detects a blur, a blur-compensation portion 411, an image 
memory 412, a live-vieW display 413, a media recording 
portion (driver) 414 corresponding to the recording media 
55, etc. Also equipped to the digital camera 5 are an FPN 
removal portion 406, a thinned-out read-out pixel FPN table 
storing memory 407, a sWitching portion 408 that sWitches 
the sending out of the digital image data and a blur-locus 
storing memory-cum-thinned-out image storing memory 
410. 

[0057] In order to perform a live-vieW display, etc., Which 
Will be mentioned later, the addressing portion 402 performs 
the addressing of pixel data as shoWn in FIG. 5 so that each 
pixel data of plural thinned-out speci?ed pixels Ps among all 
of the pixels P constituting the light-receiving side 403a of 
the image pick-up element 403 can be read out in a destruc 
tive manner before the main exposure, and so that each pixel 
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data of the plural speci?ed pixels Ps can be read out in a 
nondestructive manner during the exposure. 

[0058] The control CPU 404 controls the read-out of the 
pixel data of plural speci?ed pixels Ps of the image pick-up 
element 403 through the addressing portion 402, and also 
controls the FPN removal portion 406, the thinned-out 
read-out pixel FPN table storing memory 407, the sWitching 
portion 408 and the blur-locus storing memory-cum 
thinned-out image storing memory 410. 

[0059] The FPN removal portion 406 has a function Which 
eliminates the FPN that cancellation processing cannot be 
carried out Within the image pick-up element 403 With 
reference to the data of the FPN table 407 only for a plurality 
of the speci?ed pixels Ps When the pixel data is read out in 
a nondestructive manner from a plurality of the speci?ed 
pixels. The thinned-out read-out pixel FPN table storing 
memory 407 stores the FPN data of the speci?ed pixels in 
the FPN table. 

[0060] The blur-detection portion 409 stores the pixel data 
obtained by reading out the plurality of speci?ed pixels Ps 
in the blur-locus storing memory-cum-thinned-out image 
storing memory 410. As for the subsequent pixel data, the 
blur-detection portion 409 calculates the blur-locus by com 
paring the subsequent image data With the previous image 
data, and then stores the calculated results in the blur-locus 
storing memory-cum-thinned-out image storing memory 
410. 

[0061] The blur-compensation portion 411 has a function 
Which recti?es a hand-blur by using the blur-locus stored in 
the blur-locus storing memory-cum-thinned-out image stor 
ing memory 410. 

[0062] The live-vieW display 413 displays a live-vieW 
display by processing the pixel data obtained by the destruc 
tive readout before the main exposure and the pixel data 
obtained by the nondestructive read-out during the main 
exposure. The live-vieW display 413 has the liquid crystal 
display monitor 413a. 

[0063] Next, the operation of the digital camera 5 shoWn 
in FIGS. 1 to 3 Will be explained With reference to FIGS. 4 
to 6. 

[0064] A photographic object image is received by the 
image pick-up element 403 through the optical system 401 
including the image-taking lens 51, and then photoelectri 
cally converted every each pixel P depending on a light 
receiving amount. 

[0065] 1. Before the Main Exposure 

[0066] As shoWn in FIG. 6, the control CPU 404 controls 
the addressing portion 402 such that the read-out of the pixel 
data of the plurality of speci?ed pixels Ps of the image 
pick-up element 403 and the reset thereof, i.e., the destruc 
tive read-out, are performed at a predetermined period (for 
example, 1/30 seconds), and also controls the sWitching 
section 408 such that the pixel data read out in a destructive 
manner is sent to the FPN removal section 406. 

[0067] The pixel data read out in a destructive manner is 
converted into digital pixel data by the A/D-conversion 
circuit 405, and the digital pixel data is sent to the FPN 
removal portion 406 through the sWitching portion 408. 
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[0068] As mentioned above, the pixel data read out in a 
destructive manner has been subjected to the cancellation 
processing of the FPN Within the image pick-up element 
403. Therefore, the pixel data sent to this FPN removal 
portion 406 is sent out to the live-vieW display 413 and the 
blur-detection portion 409 as it is Without being processed in 
the FPN removal portion 406. 

[0069] The live-vieW display 413 processes the sent pixel 
data as required for the live-vieW display, and performs the 
live-vieW display on the LCD monitor 413a. Since the pixel 
data is read from the plurality of speci?ed pixels Ps at this 
time, even if the total number of the pixels P of the image 
pick-up element 403 is large, it is possible to read out the 
pixel data at a high-speed period, enabling a smooth image 
change display, for example, in every 30 seconds. 

[0070] The pixel data of the ?rst sheet obtained by the 
destructive read-out of the plurality of speci?ed pixels Ps in 
the blur-detection portion 409 is stored/saved as it is in the 
blur-locus storing memory-cum- thinned-out image storing 
memory 410. As for the subsequent pixel data obtained by 
the destructive read-out, the blur-locus is calculated by using 
the pixel data obtained by the previous destructive read-out. 
Both the pixel data obtained by the destructive read-out and 
the calculated blur-locus is stored/saved in the blur-locus 
storing memory-cum-thinned-out image storing memory 
410. 

[0071] Thus, the pixel data obtained by the destructive 
read-out for a plurality of sheets and the blur-locus data Will 
be saved in the blur-locus storing memory-cum-thinned-out 
image storing memory 410. 

[0072] The aforementioned plurality sheets mean the 
speci?ed number of sheets required for the blur-locus opera 
tion. If the number exceeds the speci?ed number, the pixel 
data obtained by the oldest destructive read-out Will be 
destroyed, and only the neWest pixel data Will be saved. 

[0073] 2. During the main exposure period 

[0074] When the release button 53 is pressed, as shoWn in 
FIG. 6, all of the pixels P Will be reset one by one, and the 
main exposure Will start. The main exposure period is set 
longer than the changing period (1/30 seconds) of the live 
vieW. Since a blur hardly occurs When the main exposure 
period is 1/30 seconds or less, it is not necessary to perform 
a nondestructive read-out during the main exposure. It is 
apparent that a nondestructive read-out for the live-vieW 
every 1/30 seconds is not required. 

[0075] The control CPU 404 controls the addressing por 
tion 402 so that the pixel data of the plurality of speci?ed 
pixels can be read out in a nondestructive manner in order 
to perform a live-vieW display at the aforementioned period 
even in the main exposure period, and further controls the 
sWitching portion 408 so that the pixel data read out in a 
nondestructive manner can be sent to the FPN removal 
portion 406. 

[0076] The pixel data read out in a nondestructive manner 
Will be converted into digital pixel data by the A/D conver 
sion circuit 405, and the digitaliZed pixel data is sent to the 
FPN removal portion 406 through the sWitching portion 408. 

[0077] As mentioned above, in cases Where the nonde 
structive read-out is performed, the cancellation processing 
of the FPN cannot be performed Within the image pick-up 
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element 403. Therefore, in the FPN removal portion 406, the 
corresponding noise data of the pixels in the thinned-out 
read-out image FPN table is subtracted from the obtained 
pixel data to perform the cancellation processing of the FPN. 

[0078] The pixel data from Which the FPN is eliminated is 
sent to the live-vieW display 413 and the blur-detection 
portion 409. The live-vieW display 413 processes the sent 
pixel data as required for a live-vieW display and displays 
the live-vieW. 

[0079] As mentioned above, since a plurality of pixels Ps 
are speci?ed and the pixel data is read out in a nondestruc 
tive manner even during the main exposure, it is possible to 
process the pixel data at a high-speed period. Further, since 
the pixel data Will be updated Whenever the pixel data is read 
out, a live-vieW at a real time can be obtained. 

[0080] In the blur-detection portion 409, the pixel data of 
the ?rst sheet obtained by the nondestructive read-out of the 
plurality of speci?ed pixels Ps Will be stored/saved as it is in 
the blur-locus storing memory-cum-thinned-out image stor 
ing memory 410. As for the subsequent pixel data obtained 
by the nondestructive read-out, the blur-locus is calculated 
by using the pixel data obtained by the previous nondestruc 
tive read-out. Both the pixel data obtained by the nonde 
structive read-out and the calculated blur-locus are stored/ 
saved in the blur-locus storing memorycum-thinned-out 
image storing memory 410. 

[0081] Thus, the pixel data obtained by the nondestructive 
read-out for a plurality of sheets and the blur-locus data are 
saved in the blur-locus storing memory-cum-thinned-out 
image storing memory 410. 

[0082] The aforementioned plurality of sheets mean the 
speci?ed number of sheets required for the blur-locus opera 
tion. If the number exceeds the speci?ed number, the oldest 
pixel data obtained by the nondestructive read-out is 
destroyed, and only the neWest pixel data is saved. 

[0083] As mentioned above, since a continuous blur 
detection that lasts from before the exposure till during the 
exposure is performed, the prediction error of blur becomes 
small. In other Words, the blur-detection precision Will be 
high and the blur-compensation can be performed exactly. 

[0084] 3. Main Exposure Period End 

[0085] After the main exposure period terminates, in order 
to perform the destructive read-out of the pixel data of all of 
the pixels, the control CPU 404 controls the addressing 
portion 402 so that the pixel data in the plurality of speci?ed 
pixels Ps is read out in a destructive manner and thereafter 
the pixel data of the remaining pixels P is read out in a 
destructive manner. Furthermore, the control CPU 404 con 
trols the sWitching portion 408 such that only the pixel data 
of the plurality of speci?ed pixel data is processed by the 
blur-detection portion 409 and that the pixel data of all of the 
pixels P is processed by the blur-compensation portion 411. 

[0086] Since the pixel data of the plurality of speci?ed 
pixels Ps is ?rst read When a destructive read-out of the pixel 
data of all of the pixels P is performed, it is easily realiZable 
to selectively send out the pixel data of a plurality of 
speci?ed pixels Ps from the pixel data of all of the pixels P 
obtained by the destructive read-out. 

[0087] The pixel data of all of the pixels P obtained by the 
destructive read-out is converted into digital pixel data by 
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the A/D conversion circuit 405, and the digitaliZed pixel data 
is sent to the FPN removal portion 406 through the switching 
portion 408. 

[0088] Since the pixel data sent to the FPN removal 
portion 406 is obtained by the destructive read-out, it is not 
required to perform the FPN removal processing and can be 
sent out to the live-vieW display 413 and the blur-detection 
portion 409 as it is. 

[0089] In the blur-detection portion 409, a blur-locus is 
calculated by using the pixel data obtained by the last 
nondestructive read-out. Both the pixel data obtained by the 
destructive read-out and the calculated blur-locus data are 
stored/saved in the blur-locus storing memory-cum-thinned 
out image storing memory 410. 

[0090] In the blur-compensation portion 411, the data of 
all of the pixels obtained by the destructive read-out is 
subjected to a blur-restoration processing by using the 
blur-locus data stored in the blur-locus storing memory 
cum-thinned-out image storing memory 410 from before the 
main exposure till the termination of the main exposure 
period. Then, the restored pixel data is sent to the image 
memory 412 to be saved as a picked-up image. 

[0091] The image saved in this image memory 412 can be 
displayed on the LCD monitor 413a of the live-vieW display 
413, or can be recorded in the recording media 55 provided 
in the media recording portion 414 in accordance With the 
operation by a user. 

[0092] Next, the second embodiment according to the 
present invention Will be explained. 

[0093] The digital camera according to the second 
embodiment of the present invention has the same appear 
ance as the digital camera according to the ?rst embodiment 
shoWn in FIGS. 1 and 2. In other Words, the digital camera 
5 is equipped With an image-taking lens 51, a ?nder WindoW 
54, a distance measurement WindoW 59, a shutter button 53, 
image-taking mode keys 57, a liquid crystal panel 58, an 
insertion slit 56 into Which a recording media 55 can be 
removably inserted, an LCD monitor 413a, image-process 
ing mode setting keys 501, etc. Since the function of each of 
these portions is the same as that of the digital camera 
according to the ?rst embodiment, the explanation Will be 
omitted. 

[0094] Furthermore, in the camera main body 5A, an 
image pick-up element 203 Which receives an optical image 
formed by the image pick-up lens 51 and photoelectrically 
converts the optical image is provided. In this embodiment, 
the image pick-up element 203 consists of a CMOS sensor 
Which can perform a nondestructive read-out of pixel data in 
the same manner as in the image pick-up element of the 
digital camera according to the ?rst embodiment. 

[0095] This digital camera 1 can record the picked-up 
image obtained by the image pick-up element 203 in the 
recording media 213 in the same manner as in a conven 
tional digital camera, and has a blur-compensation function 
Which Will be executed When the blur-compensation mode is 
setup. Of course, the digital camera may be constituted such 
that the blur-compensation function Will be automatically 
performed Without setting the blur-compensation mode. 

[0096] The aforementioned blur-compensation function 
performs the blur-compensation by performing the blur 
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detection utiliZing the nondestructive read-out of the pixel 
data of the pixels P of the CMOS sensor and the address 
read-out to the Pixels P With a CMOS sensor as the image 
pick-up element 203. 

[0097] The structure of the image pick-up element 203 is 
the same as that shoWn in FIG. 3. 

[0098] FIG. 7 is a block diagram shoWing the electric 
structure of the digital camera 1 according to the second 
embodiment. 

[0099] This digital camera 1 is provided With an image 
pick-up element driving portion 202, a control CPU 204 
Which controls the Whole camera, an A/D converter 205 
Which converts an analog image signal into a digital image 
signal by the image pick-up element 203, a blur-detection 
portion 209 Which detects a blur and a blur-compensation 
portion 211, an image memory 212, a recording media 213, 
etc. Furthermore, this digital camera 1 is equipped With an 
FPN removal portion 206, an FPN table 207 corresponding 
to a speci?ed block Q, a sWitching portion 208 that sWitches 
the sending destination of the digital image data, a blur-locus 
storing memory-cum-plural block image storing memory 
210, a pixel adding portion 214 and a frame subtraction 
portion 215. 

[0100] For a blur-detection Which Will be mentioned later, 
the image pick-up element driving portion 202 speci?es the 
addresses of the pixels contained in the plurality of speci?ed 
small area blocks Q (FIG. 8) among all of the pixels 
constituting the light-receiving side 203a of the image 
pick-up element 203 during an exposure so that these data 
can be read out in a nondestructive manner, and also 
speci?es the addresses of all of the pixels P of the image 
pick-up element 203 so that these data can be read out in a 
destructive manner When the exposure is terminated. 

[0101] The control CPU 204 controls the read-out of the 
pixel data of the image pick-up element 203 through the 
image pick-up element driving portion 202, and also con 
trols the FPN removal portion 206, the FPN table 207 and 
also a blur-locus storing memory-cum-plural block image 
storing memory 210. 

[0102] For the blur-detection, the aforementioned each 
speci?ed block Q comprises any areas selected from all of 
the pixels P of the image pick-up element 203, as shoWn in 
FIG. 8. 

[0103] The time for reading out only the illustrated speci 
?ed blocks Q becomes much shorter than that for reading out 
all of the pixels. For example, assuming that all of the 
1,200,000 pixels are read out in 100 ms and each block Q 
includes 200x250=50,000 pixels, the time required for read 
ing out all of the pixel signals of the six speci?ed blocks Q 
(a total of 300,000 pixels) Q Will be 1A of the time required 
for reading out all of the pixels, i.e., 25 ms. This shoWs that 
the blur-detection can be performed in the period of 25 ms. 

[0104] If it is required to perform the blur-detection in a 
quicker period, What is necessary is to make the siZe of the 
speci?ed block Q smaller, or to decrease the number of the 
speci?ed block Q. On the contrary, if it is alloWed to perform 
the blur-detection in a sloWer period, What is necessary is to 
enlarge the siZe of speci?ed block Q, or to increase the 
number of speci?ed blocks Q. 
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[0105] The FPN removal portion 206 has a function that 
eliminates the FPN Which cannot be processed Within the 
image pick-up element 203 With reference to the data of the 
FPN table 207 corresponding to each speci?ed block Q, in 
cases Where it is sWitched by the sWitching portion 208 and 
pixel data is read out from the speci?ed block Q in a 
nondestructive manner during an exposure. 

[0106] The pixel adding portion 214 adds the pixel data of 
a plurality of pixels P contained in each speci?ed block Q so 
that the added data become a signal level required for the 
blur-detection. Furthermore, the frame subtraction portion 
215 subtracts the previously added pixel data from the 
present added pixel data to obtain the data of this time. 

[0107] The blur-locus storing memory-cum-plural image 
storing memory 210 stores the previously added pixel data 
and the frame data of this time subtracted by the frame 
subtraction portion 215. 

[0108] In the blur-detection portion 209, the blur-locus is 
calculated using the sent frame data of this time and the 
previous frame data stored in the blur-locus storing memory 
cum-plural image storing memory 210. 

[0109] Next, the operation of the digital camera 1 having 
the aforementioned structure Will be explained With refer 
ence to FIGS. 7-9. In the folloWing explanation, the funda 
mental control of the camera, such as a lens driving, an 
iris-diaphragm driving, an LCD driving and a ?ash driving, 
Will be omitted since these are Well knoWn. 

[0110] First, a photographic object image is received by 
the image pick-up element 203 through the optical system 
201 including the image-taking lens 51, and photoelectri 
cally converted by the image pick-up element 203 depend 
ing on the light-receiving amount of each pixel P. 

[0111] When the shutter button 53 is pressed, all of the 
pixels P are reset and an exposure is started. During the 
exposure, the control CPU 204 controls the image pick-up 
element driving portion 202 so that the nondestructive 
read-out of the pixel data of the pixels contained in the 
plurality of speci?ed block Q among the pixels P in the 
image pick-up element 203 is performed, and also controls 
the sWitching portion 208 so that the obtained image data is 
sent to the FPN removal portion 206. 

[0112] The read-out timing of the pixel signal of the image 
pick-up element 203 is shoWn in FIG. 9. In FIG. 9, the 
vertical axis shoWs the line direction of the image pick-up 
element 203, and the horiZontal axis shoWs a time. 

[0113] The exposure time is from the initial reset (the start 
of the exposure) to the last destructive read-out (the end of 
the exposure). In the illustrated example, the nondestructive 
read-out is performed three times only to the plurality of 
speci?ed blocks Q during the exposure period. In this case, 
in order to make the storage time of each line of the speci?ed 
block Q become equal, the reset at the time of the exposure 
start is performed one by one from the line With the speci?ed 
block Q Which performs the nondestructive read-out. With 
this, after the termination of the exposure, the read-out order 
of all of the pixels is performed in sequence from the line in 
Which the speci?ed block Q exists. 

[0114] Furthermore, although the nondestructive read-out 
of the pixel data of each speci?ed block Q is performed 
during the exposure, What is required for a blur-detection is 
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the pixel signal accumulated from the read-out to the sub 
sequent read-out. That is, as shoWn in FIG. 9 shoWing the 
storage time for a blur-detection, the initial storage time is 
from the reset to the ?rst nondestructive read-out, and the 
last storage time is from the last nondestructive read-out to 
all pixel read-out, and the intermediate storage time is from 
a nondestructive read-out from the subsequent nondestruc 
tive read-out. This can be obtained by subtracting the 
previously read-out pixel data from the currently read-out 
pixel data. 

[0115] In the example shoWn in FIG. 9, although the 
nondestructive read-out is performed for the speci?ed block 
three times during the exposure, the number of times for the 
nondestructive read-out is not limited to this. 

[0116] Returning to FIG. 7, the pixel signal obtained by 
the nondestructive read-out performed by the image pick-up 
element 203 is converted into digital pixel data by the A/D 
converter 205, and sent to the FPN removal portion 206 
through the sWitching portion 208. 

[0117] In the FPN removal portion 206, the noise cancel 
lation processing is performed by subtracting the corre 
sponding noise data stored in the FPN table 207 from the 
sent pixel data. The pixel data that the noise cancellation 
processing Was performed is sent to the pixel adding portion 
214. 

[0118] The memory space required for the table 207 of the 
FPN removal can be small as compared With the case having 
an FPN table for all of the pixels. For example, as mentioned 
above, in the case of 200x250=50,000 pixels, the memory 
space Will be one fourth. Furthermore, since the pixel data 
obtained by the nondestructive read-out is subjected to the 
noise cancellation processing by the aforementioned FPN 
removal portion 206, the blur-detection can be performed 
With high precision. 

[0119] In the pixel adding portion 214, the pixel data 
corresponding to the pixel P is added every speci?ed block 
Q, and the added pixel data Will be sent to the frame 
subtraction portion 215 and also to the blur-locus storing 
memory-cum-plural image storing memory 210 for storing 
the added image data. 

[0120] In the aforementioned pixel adding portion 214, for 
example, the block may be divided into blocks of 2><2=4 
pixels, the pixel data corresponding to each of these 4 pixels 
P may be added to obtain the 1-pixel image data for the 
blur-detection. By this, an underexposure due to a high 
speed period read-out Will be corrected to become the same 
level as the image data level during the main exposure. Thus, 
a suf?cient blur-detection level can be secured. Of course, 
the number of pixels to be added and the division method of 
the block Q are not limited to the above, and can be 
arbitrarily set, provided that a signal required for a blur 
detection is obtained. 

[0121] In the frame subtraction portion 215, the frame data 
of this time is obtained by subtracting the previously added 
pixel data from the pixel data to Which addition processing 
Was performed. The obtained frame data of this time is sent 
to the blur-detection portion 209 and also to the blur-locus 
storing memory-cum-plural image storing memory 210, and 
stored therein. 

[0122] In the blur-detection portion 209, the blur-locus is 
calculated from the sent frame data of this time and the 
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previous frame data stored in the blur-locus storing memory 
cum-plural image storing memory 210. The calculated blur 
locus is stored in the blur-locus storing memory-cum-plural 
image storing memory 210. 

[0123] After the exposure is completed, the control CPU 
204 controls the image pick-up element driving portion 202 
so that the destructive read-out of all of the pixels P of the 
image pickup element 203 is performed, and also controls 
the sWitching portion 208 so as to send the pixel data to the 
blur-compensation portion 211. 

[0124] The pixel data obtained by the destructive read-out 
of all of the pixels P in the image pick-up element 203 is 
converted into digital data by the A/D converter 205, and 
sent to the blur-compensation portion 211 through the 
sWitching portion 208. 

[0125] In the blur-compensation portion 211, the image 
data obtained by the aforementioned destructive read-out is 
subjected to the blur-compensation processing and/or the 
blur-restoration processing using the blurring locus data 
from the blur-locus storing memory-cum-plural image stor 
ing memory 210. Then, the image data after the blurring 
compensation and/or the blurring restoration is sent to the 
image memory 212, and then stored in the recording media 
213. 

[0126] The terms and descriptions in this speci?cation are 
used only for explanatory purposes and the present invention 
is not limited to these terms and descriptions. It should be 
appreciated that there are many modi?cations and substitu 
tions Without departing from the spirit and the scope of the 
present invention Which is de?ned by the appended claims. 

What is claimed is: 
1. A digital camera, comprising: 

an image pick-up element Which can read out pixel data 
in a nondestructive manner; 

specifying means for specifying addresses of a plurality of 
pixels thinned out among all pixels of said image 
pick-up element; and 

data read-out means for reading out pixel data of said 
speci?ed plurality of pixels in a destructive manner 
before a main exposure and pixel data of said speci?ed 
plurality of pixels in a nondestructive manner during 
said main exposure. 

2. The digital camera as recited in claim 1, further 
comprising a display Which displays a live-vieW image by 
using said pixel data read out in said destructive manner 
before said main exposure and said pixel data read out in 
said nondestructive manner during said main exposure. 

3. The digital camera as recited in claim 1, further 
comprising a detector Which performs a blur-detection by 
using said pixel data read out in said destructive manner 
before said main exposure and said pixel data read out in 
said nondestructive manner during said main exposure. 

4. A pixel data read-out control apparatus, the apparatus 
comprising: 

specifying means for specifying a plurality of pixels 
thinned out among all pixels of an image pick-up 
element Which can read out pixel data in a nondestruc 
tive manner; and 
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read-out means for reading out pixel data of said speci?ed 
pixels in a destructive manner before a main exposure 
and pixel data of said speci?ed pixels in a nondestruc 
tive manner during said main exposure. 

5. The pixel data read-out control apparatus as recited in 
claim 4, further comprising a display Which displays a 
live-vieW image by using said pixel data read out in said 
destructive manner before said main exposure and said pixel 
data read out in said nondestructive manner during said main 
exposure. 

6. The pixel data read-out control apparatus as recited in 
claim 4, further comprising a detector Which performs a 
blur-detection by using said pixel data read out in said 
destructive manner before said main exposure and said pixel 
data read out in said nondestructive manner during said main 
exposure. 

7. A pixel data read-out control method, the method 
comprising: 

specifying a plurality of pixels thinned out among all 
pixels of an image pick-up element Which can read out 
pixel data in a nondestructive manner; and 

reading out pixel data of said speci?ed pixels in a destruc 
tive manner before a main exposure and said pixel data 
in a nondestructive manner during said main exposure. 

8. The pixel data read-out control method as recited in 
claim 7, further comprising: 

displaying a live-vieW image by using said pixel data read 
out in said destructive manner before said main expo 
sure and said pixel data read out in said nondestructive 
manner during said main exposure. 

9. The pixel data read-out control method as recited in 
claim 7, further comprising: 

performing a blur-detection by using said pixel data read 
out in said destructive manner before said main expo 
sure and said pixel data read out in said nondestructive 
manner during said main exposure. 

10. A digital camera, comprising: 

an image pick-up element Which can read out pixel data 
in a nondestructive manner; 

specifying means for specifying pixels contained in a 
block of small area among all pixels of said image 
pick-up element; 

read-out means for reading out data of pixels contained in 
said block of small area in said nondestructive manner 
during said exposure; 

a memory Which stores a ?xed pattern noise table con 
cerning said pixels contained in said block; 

?xed pattern noise elimination means for performing 
noise cancellation processing to said pixel data of said 
block obtained by reading out in said nondestructive 
manner With reference to said ?xed pattern noise table; 

an adder Which adds pixel data from Which said ?xed 
pattern noise is eliminated to said pixels contained in 
said block; and 

a detector Which detects a blur using said added pixel 
data. 

11. The digital camera as recited in claim 10, Wherein said 
specifying means speci?es pixels contained in a plurality of 
blocks of small area among all pixels of said image pick-up 
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element during an exposure., wherein said read-out means 
reads out data of pixels contained in said plurality of blocks 
in said nondestructive manner during said exposure, Wherein 
said memory stores a ?xed pattern noise table concerning 
said pixels contained in said plurality of blocks, Wherein said 
?xed pattern noise elimination means performs noise can 
cellation processing to said pixel data of said plurality of 
blocks obtained by reading out in said nondestructive man 
ner With reference to said ?xed pattern noise table, and 
Wherein said adder adds pixel data from Which said ?xed 
pattern noise is eliminated to said pixels contained in said 
plurality of blocks. 

12. A blur-detection apparatus, comprising: 

read-out means for reading out data of pixels in a non 
destructive manner during an exposure, said pixels 
being contained in a block of small area among all 
pixels of an image pick-up element Which can read out 
pixel data in a nondestructive manner; 

?xed pattern noise elimination means for performing 
noise cancellation processing to pixel data of said block 
obtained by reading out in a nondestructive manner 
With reference to a table of a ?xed pattern noise 
corresponding to pixels contained in said block; 

an adder Which adds pixel data from Which said ?xed 
pattern noise is eliminated to said pixels contained in 
said block; and 

a detector for detecting a blur by using said added pixel 
data. 

13. The blur-detection method as recited in claim 
14,Wherein said read-out means reads out data of pixels in 
a nondestructive manner during an exposure, said pixels 
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being contained in a plurality of blocks of small area among 
all pixels of an image pick-up element Which can read out 
pixel data in a nondestructive manner, Wherein said ?xed 
pattern noise elimination means performs noise cancellation 
processing to pixel data of said plurality of blocks obtained 
by reading out in a nondestructive manner With reference to 
a table of a ?xed pattern noise corresponding to pixels 
contained in said plurality of blocks, and Wherein said adder 
adds pixel data from Which said ?xed pattern noise is 
eliminated to said pixels contained in said plurality of 
blocks. 

14. A blur-detection method, comprising: 

a step for reading out data of pixels in a nondestructive 
manner during an exposure, said pixels being contained 
in a block of small area among all pixels of an image 
pick-up element Which can read out pixel data in a 
nondestructive manner; 

a step for performing noise cancellation processing to 
pixel data of said block obtained by reading out in a 
nondestructive manner With reference to a table of a 

?xed pattern noise corresponding to pixels contained in 
said block; 

a step for adding pixel data from Which said ?xed pattern 
noise is eliminated to said pixels contained in said 
block; and 

a step for detecting a blur by using said added pixel data. 
15. Theblur-detectionmethodasrecitedinclaim14, Wherein 

processing de?ned in each of said steps is subjected to pixel 
data contained in a plurality of bocks. 

* * * * * 


